The initial investigations'-5 on RNA polymerase demonstrated that DNA6 primes and directs the synthesis of RNA. Subsequently it was shown that native DNA is a more effective primer than is the heat denatured, single stranded form.7 Recently Nakamoto and Weiss8 reported that poly C and turnip yellow mosaic virus RNA could direct the synthesis of polyribonucleotides with polymerase preparations from Micrococcus lysodeikticus. The effect of polyribonucleotides has been confirmed and extended with a 500-fold purified RNA polymerase from
The initial investigations'-5 on RNA polymerase demonstrated that DNA6 primes and directs the synthesis of RNA. Subsequently it was shown that native DNA is a more effective primer than is the heat denatured, single stranded form. 7 Recently Nakamoto and Weiss8 reported that poly C and turnip yellow mosaic virus RNA could direct the synthesis of polyribonucleotides with polymerase preparations from Micrococcus lysodeikticus. The effect of polyribonucleotides has been confirmed and extended with a 500-fold purified RNA polymerase from Azotobacter vinelandii. These studies are the subject of the present communication. Methods Results.-Effect of polyribonucleotides: In agreement with the results of Nakamoto and Weiss" with M. lysodeikticus enzyme, RNA polymerase from A. vinelandii utilized poly C to prime the synthesis of poly G (Table 1) . Moreover, both poly U (Table 2 ). There was no requirement for a full complement of ribonucleoside triphosphates; addition of CTP, UTP, and GTP to the samples containing poly U and C14-ATP inhibited to some extent the incorporation of AMP from the latter compound. Substituting C'4-ADP for C14-ATP resulted in negligible incorporation of AMP. However, incubation of poly U and C14-PROC. N. A. S. ADP, in the presence of creatine kinase and creatine phosphate, gave the same result as incubation with C14-ATP ( Table 2) .
That poly A directed the incorporation of UMP was further demonstrated by utilizing the poly A synthesized with poly U as primer to prime the incorporation of UMP from C14-UTP into polymer ( Fig. 1) . Addition of UT1P to mixtures containing C14-ATP and poly U decreased the incorporation of AMP from C14-ATP (v-v-v). This suggested that nonlabeled poly U was formed from UTP with newly synthesized C'4-poly A as template. In accordance with this interpretation UMP was incorporated from C14-UTP, in the presence of poly U and nonlabeled ATP (i---.). This incorporation followed an autocatalytic course as would be expected from the gradual increase in poly A primer formed from ATP in the presence of poly U. In similar experiments with poly C, GTP, and C14-CTP there was no incorporation of C14-CMP into the acid insoluble fraction, indicating that under these conditions, the newly synthesized poly G could not prime the synthesis of poly C.
Although poly A and poly U were poor primers with M. lysodeikticus enzyme, the 1:1 poly A + poly U complex primed the incorporation of either AMIP or UMIP.8 With Azotobacter RNA polymerase the 1:1 poly A + poly U complex was not very different from poly A in its ability to prime U1\iP incorporation. However, the complex was a much poorer primer of poly A synthesis than was poly U (Table 3 , experiment 1). The effectiveness of the A + U complex with UTP and its poor activity with ATP might be due to its ability to add only one other strand of poly U resulting in the formation of the triple stranded complex A + 2U.
In agreement with the results of Nakamoto and Weiss8 with Ml. lysodeikticus enzyme, Azotobacter RNA polymerase catalyzed the synthesis of either poly A or poly U with a random AU (1:1) copolymer (Table 3 , experiment 2). Moreover, the incorporation of UMP from C14-UTP was not increased by the presence of cold ATP or vice versa. On the other hand, alternating poly AU, prepared with the Azotobacter polymerase with poly dAT as template,'0 did not prime the incorporation of UMP or AMP (from C14-UTP and C14-ATP, respectively) whether singly or in combination (Table 3 , experiment 3).
Effect of polynucleotides containing uracil analogs: Several homopolymers containing analogs of uracil were tested for AMP incorporation from C14-ATP; none of them had priming activity ( Table 4 ). The copolymer, poly UFU (1:1), had approximately 60 per cent of the priming activity of poly U. Poly thio U or poly N-methyl U did not interfere with the priming by poly U but poly FU was very inhibitory. Addition of poly FU (10 jug) to mixtures containing 10 ,ug of poly U resulted in 97 per cent inhibition of poly A synthesis; smaller amounts of poly FU still showed marked inhibition of AMP incorporation. Poly FU inhibited even more strongly the DNA-primed synthesis of RNA. In the presence of 50 ,ug of (Fig. 2) .
Competition between polyribonucleotides and DNA: Inhibition by polyribonucleotides of the DNA-primed synthesis of RNA was not restricted to poly FU. As shown in Table 5 (Fig. 3 ). polyribonucleotides. As seen in Table 6 , actinomycin D was a very effective inhibitor of the DNA-primed reaction but it did not inhibit polyribonucleotide-primed synthesis or the synthesis of poly A or poly U which, to a relatively small extent, occurs in the presence of DNA.
Discussion.-The Azotobacter RNA polymerase used in this work was purified 500 fold and was approximately 90 per cent homogeneous in the ultracentrifuge. Sucrose gradient centrifugation of the preparation showed that both the DNAand poly U-primed activities were associated with the protein having the sedimentation characteristic of the major component in the RNA polymerase preparations Although it is not possible to rule out conclusively the presence of separate enzymes with very similar properties, these results suggest that a single enzyme is involved. The demonstration that the polyribonucleotides inhibited the DNA-primed synthesis of RNA and, conversely, that DNA inhibited the polymer-primed reaction also suggests a single enzyme. A single enzyme is also strongly suggested by the fact thai the ratio of activities with DNA or with poly A as primer remained con- Although with DNA the highly ordered, double stranded molecule is the primer of choice, the opposite appears to be true with respect to the polyribonucleotides. The ordered 1:1 poly A + poly U complex was a poor primer for AMP incorporation although still able to direct the synthesis of poly U. The highly ordered poly AU (alternating) showed no priming activity at all. In contrast, the random poly AU (1:1) which has only intermittent helical content17 primed the incorporation of both AMP and UMP. Poly I, which probably exists as a triple stranded complex, was unable to prime the incorporation of CMP. Thus, native DNA which is highly ordered is an effective primer whereas the ordered polyribonucleotides tested do not prime. In this regard it is of interest to note that the 1:1 (by weight) poly A + oligodeoxy T complex primes equally well the synthesis of poly A and poly U. 16 Poly FU was a very effective inhibitor of RNA polymerase, whether primed by DNA or by polyribonucleotides. The inhibition seems to be a consequence of the poly FU binding to the primer site on the enzyme. From the effect of poly FU on the DNA-primed reaction it is possible to calculate that from 30 to 40 molecules of RNA polymerase are bound per molecule of poly FU. The ability of the copolymer, poly UFU, to direct the incorporation of AMP suggests that long runs of FUMP are required for inhibition. In contrast to poly FU, actinomycin D which, as previously shown'1 12 is a very potent inhibitor of the DNA-primed reaction, was virtually without effect on the reaction primed by polyribonucleotides. These results substantiate the conclusion'2 that actinomycin D acts by binding specifically to the DNA primer and not to the RNA polymerase.
